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Abstract
Introduction—Temporary skeletal anchorage is a relatively recent addition to orthodontic
treatment. Surgical miniplates, modified with intraoral attachments, provide an alternative to
miniscrews for skeletal anchorage. In this study, we wanted to determine patients’ and providers’
perceptions of miniplate use during orthodontic treatment.
Methods—Consecutive patients having miniplates placed as part of their treatment completed
questionnaires about their experiences during surgery and orthodontic treatment. A total of 200
miniplates were placed for 97 patients. The 30 orthodontists treating these patients also completed
questionnaires concerning miniplate success, handling complexity, and whether these devices
simplified treatment.
Results—The success rate was 92.5%. The devices were well tolerated by the patients. After a year,
72% of the patients reported that they did not mind having the implant, and 82% said that the surgical
experience was better than expected, with little or no pain. The most frequent problems were
postsurgical swelling, lasting 5 days on average, and cheek irritation experienced initially by more
than a third of the patients, but it lessened over time. The clinicians reported that these devices were
easy to use and greatly simplified orthodontic treatment.
Conclusions—Miniplates are well accepted by patients and providers and are a safe and effective
adjunct for complex orthodontic treatments.
Anchorage is a challenging aspect of orthodontic treatment. Conventional anchorage methods
generally rely on patient compliance, result in unwanted reciprocal tooth movements, and can
be limited in patients with compromised dentitions. In an effort to overcome some of these
problems, skeletal anchorage has been increasingly incorporated into orthodontic treatment for
over 25 years.1 The quest for absolute anchorage began with conventional dental implants,2
retromolar implants,3 and palatal implants.4 However, space limitations, cost of the implants,
and difficulties with connecting to the orthodontic appliances encouraged the rapid
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development of smaller devices that could be placed in various locations in the dental arch.
Miniscrews5 and miniplates,6 specifically designed for orthodontic anchorage, satisfy some
of those requirements and are being progressively adopted into clinical practice.
Recently, the literature has tended to focus on miniscrews, perhaps because of their small size
and apparent ease of placement.7–15 However, miniscrews have been associated with a fairly
high failure rate,16 including fracture during placement,17 loosening under loading,18 and
impingement on roots either during placement or tooth movement.13 Miniscrews might also
need to be repositioned during treatment to allow all intended tooth movements to be
accomplished. To address some of these issues, surgical miniplates with intraoral attachments
have been modified to serve as temporary skeletal anchorage devices (TSAD). Miniplates,
which are placed at a safe distance from the roots, offer the advantages of reduced risk of root
impingement, allow the free movement of roots past the TSAD, and are associated with a lower
failure rate than miniscrews.16 Claims have been made that miniplate anchorage simplifies
previously complex treatments19 and permits correction of malocclusions previously thought
beyond the scope of orthodontic therapy alone.20–23 Although appearing to be safer and more
stable, and extending treatment possibilities, there are few reports about this type of TSAD,
and fewer still of clinician and patient perceptions of their use. Most available articles on
miniplates are case reports6,24–32 or retrospectively assessed case series,16,19,22,33 with
only 1 prospective clinical trial34 reporting adverse events and outcomes during treatment,
and only 1 report of patients’ opinions and experiences.16 Also, there is only 1 other study
reporting patient perceptions of TSAD use; it addresses palatal implants.35 Perhaps miniplate
use has been limited because of the perception that they are difficult to place, unpleasant and
difficult for the patient to tolerate, and cumbersome for the orthodontist to use, and might not
provide significant advantages for treatment.
This survey was undertaken to obtain information on both patient and provider experiences
with miniplates for temporary skeletal anchorage when used for various clinical conditions.
We documented both patients’ and orthodontists’ perceptions of the use of miniplates and
evaluated the success of the system, identifying adverse events and outcomes associated with
this adjunct to orthodontic practice.
MATERIAL AND METHODS
Questionnaires were presented to consecutive patients having miniplates placed as part of their
orthodontic treatment and to the clinicians providing their treatment at 2 university-based
orthodontic centers: University of North Carolina (UNC), Chapel Hill, and Universté
catholique de Louvain (UCL), Brussels, Belgium. Patients were enrolled between August 2003
and April 2005 and completed the questionnaires in their preferred language (English or
French). Additional parental comments were solicited for children under the age of 16. The
study was approved by the Institutional Review Board at UNC and the Biomedical Ethics
Commission at UCL.
The questionnaires were completed at approximately 1 month, 6 months, and 1 year after TSAD
placement (or on removal of the anchor, if this occurred sooner). The questions related to the
patient’s discomfort and general experiences during surgery and orthodontic treatment. In
addition, the orthodontists were asked to assess handling complexity, the purpose for which
the anchor was used, the success rate, their overall TSAD experience, and whether they thought
that these devices simplified or complicated their patient’s treatment.
All subjects at UNC and all but 3 at UCL agreed to participate in the study. One patient at UCL
was later excluded because of inability to understand the questionnaires. A total of 98.6% of
questionnaires were completed by the patients and the orthodontists at both centers. The
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patients’ and providers’ perceptions were obtained with 4-point categorical scales. Medians,
means, and standard deviations were calculated for perception data, and frequencies were
reported for categorical data.
The patients at UNC were paid $20 on completion of the third questionnaire.
RESULTS
A total of 97 patients were enrolled (30 at UNC, 67 at UCL [Table I]). The mean age of the
patients was 23.7 years (range, 9.8–48.1 years). One third of the sample were growing patients
(≤15 years of age for females; ≤19 years of age for males), and almost 75% were female. The
number, type, location, and success of the miniplates are given in Table II. A total of 200
TSADs were placed by 9 surgeons (4 at UNC, 5 at UCL). Two types of TSADs were used (Fig
1): 180 Bollards (Surgitec, Bruges, Belgium; 39 at UNC, 141 at UCL) and an additional 20 C-
tubes (KLS Martin, Umkirch, Germany) were used for 10 patients at UNC. Most (76.5%) of
the TSADs were placed in the maxilla. Implants were loaded approximately one month after
surgery; no plates were loaded immediately. Most miniplates were in place for more than the
1-year study period. Fifteen bone plates were removed prematurely, and only 6 of these were
replaced. The success rate from August 2003 to September 2006 was 92.5%. Most (73.3%)
failures occurred in growing patients. The percentages and locations of failures were different
at the 2 centers. Thirty orthodontists completed questionnaires (19 at UNC, 11 at UCL). The
types of movement (Fig 2) for which TSADs were placed included orthodontic (Fig 3, A) and
orthopedic corrections (Fig 3, B). The Bollards were loaded with elastics, coil springs, elastic
chains, ligature wires, or directly with an arch-wire. The C-tubes were loaded only with coil
springs or ligature wires.
Patients’ perceptions
The patients’ perceptions of their surgical experiences are given in Figure 4. Pain during
surgery and orthodontic treatment was reported on a 4-point scale from no pain to severely
painful. The patients estimated their swelling after surgery as 1.8 on a scale (0, no swelling, to
3, lots of swelling), lasting for 5 days on average (4.8 ± 2.3 at UNC; 5.5 ± 3.0 at UCL). After
surgery, either anti-inflammatory agents or painkillers (or both) were recommended but taken
by only 77.1% of the patients.
In general, the TSADs were well tolerated by the patients. No patient requested to have an
implant removed. After 1 year, 72% of the sample (83.3% at UNC, 66.7% at UCL) reported
that they did not mind having the implant in place, but some expressed mildly negative
comments that included “having a foreign body in the mouth,” irritation of cheek or lip, and
food trapping around the device. Implant placement was reported to be better than expected
by 82% of the patients (93.1% at UNC; 76.4% at UCL), most frequently because they had
expected more pain. Of the patients who reported that the implants were worse than expected,
postsurgical swelling and cheek irritation were the principal reasons.
Some patients had previously had other dental procedures, including extractions, headgear,
braces, and cavity restorations. They were asked to make comparisons with procedures with
which they were familiar. The results are given in Figure 5 as the percentages of patients at
each center rating TSADs better than other dental procedures.
The patients were asked about their side effects at each time (Fig 6). The principal problem
was cheek irritation, which was most frequent soon after surgery, but decreased over time.
Restricted mouth opening concerned 17% of the patients initially, but became and remained
minimal after 6 months and 1 year. Cleaning the anchors was a problem for 15% of the patients,
and this continued over time. Patients were specifically instructed not to touch the TSAD with
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their tongue to prevent loosening the miniplate. However, one-third of the patients admitted
doing this, and this habit frequently persisted throughout the year that they were followed.
Orthodontists’ perceptions
The orthodontists’ perceptions of TSAD experience is illustrated in Figure 7, A. In their first
questionnaire, the orthodontists were asked how difficult they expected the treatment of each
patient to be without TSADs. In general, the cases were initially expected to be somewhat to
very difficult. However, after 1 year of using the miniplates, the same patients were then
considered by their orthodontist to be very to moderately easy. The orthodontists judged the
overall handling complexity of the miniplates and their attachments on a 4-point scale and
reported them to be very to moderately easy over the different time points. The mobility of
TSADs and soft-tissue irritation evaluated by the orthodontists at several times over a year
stayed under the level of “mild” (Fig 7, B). All orthodontists said they would use miniplates
again and evaluated their average satisfaction at 3.8 (3.6 at UNC; 3.9 at UCL) on the scale (3,
moderately satisfied, to 4, very satisfied) (Fig 7, B). If the orthodontists reported that an initial
orthodontic objective could not be obtained, the reasons given were implant failure or lack of
patient compliance.
DISCUSSION
In general, patients, parents, and providers were enthusiastic about their experiences with
miniplates as a simplifying adjunct to orthodontic treatment. Miniplates were well tolerated
by the patients and were associated with few adverse events. To place miniplates in the context
of other dental procedures, it would seem that they are always perceived as better than headgear,
nearly always better than braces, better (UNC) or equivalent (UCL) to extractions, and about
equal to or worse than cavity restorations. Although the placement of miniplates requires
surgery to raise a mucoperiosteal flap and retract the tissues, these procedures appeared to be
associated with minimal perioperative pain and inconvenience, and no major recurring
problems during treatment.
This study was carried out at 2 university centers with both experienced and inexperienced
orthodontists and surgeons, and few problems occurred. The side effects reported were quite
different from those reported by Gunduz et al35 (difficulty in speaking, difficulty in eating,
and injury to tongue) for palatal implants. Although some negative comments were recorded
from some patients, it was not possible from this sample to determine whether there was a
consistent pattern suggesting an association between negative comments and age, placement
site, or type of treatment. The principal adverse outcome was swelling, which persisted on
average for 5 days after surgery. Even though anti-inflammatory agents were prescribed
postoperatively, not all patients complied with this recommendation. It is probable that more
aggressive management of postoperative edema, including the use of ice packs 1 to 2 hours
postoperatively, and the addition of preoperative anti-inflammatory agents or corticosteroids
delivered intravenously, could have prevented or at least reduced this postoperative
complication.
Cheek irritation was another frequently reported problem, but for only 1 patient was this
considered severe enough to require removal of the TSADs. The initial location of the
miniplates in the mandibular arch was between the canine and the first premolar; this was later
modified to between the lateral incisor and the canine. This new position decreased cheek
irritation, probably because the miniplate head was less prominent. When placed at the canine
eminence, lip and cheek movement, and pressure against the miniplate head, could cause soft-
tissue irritation or ulceration. Moving the miniplates forward in the mandibular arch reduced
this.
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Our definition of failure was any patient whose objectives could not be achieved with the initial
implants. This included excess TSAD mobility (7), cheek ulceration (4), fractures (3), and
undesirable position of the miniplate (1). Increased mobility was proportionally more
frequently reported in the mandible than the maxilla, possibly related to the flap design. The
initial mandibular surgical protocol at UCL was modified during the study to place the releasing
incision in the attached gingiva and not in the sulcus. Three failures due to mobility were
reported before this change, but no further failures were observed after this change. Four mobile
maxillary miniplates, in an adult and 3 growing patients, were removed and subsequently
replaced: 1 because of poor plate adaptation to the bone, leaving an open pathway for infection,
and the other 3 because of infection around a screw. The failure rate due to mobility in growing
patients was higher than in adults. Although the surgeons were always instructed to place the
attachment arm penetrating the tissue at the mucogingival junction, this might be more difficult
in younger patients, when alveolar height tends to be shallow, width of attached gingiva is less,
and access is restricted. Moreover, most miniplates in growing patients were in place for longer
than 18 months. During this time, a significant amount of bone remodeling could occur; this
might also explain the higher failure rate.
In several patients, although the TSADs were described as mobile throughout treatment, they
were still sufficiently firm to provide the anchorage necessary to achieve the treatment
objectives.
It is apparent that soft tissues play an important role in implant stability. Mucosal transfixion
of the miniplate arm at the mucogingival junction or 1 mm within the attached gingiva enables
tight closure of the tissues; this appears to be necessary for good soft-tissue healing.
Oral hygiene is another important factor for success. According to Miyawaki et al,16
prevention of inflammation of the peri-implant tissue is a critical factor for TSAD success
rates. Many patients experienced persistent difficulties in cleaning their miniplate anchors.
Precise recommendations for careful brushing of the miniplate and surrounding mucosa with
a soft toothbrush are important in preventing infection, which can lead to miniplate failure.
Of the 180 Bollards placed, 3 fractured, all in the intraoral connector. One fracture occurred
after the device had been subjected to repeated bending to change the force vector.
A patient with an open bite needed to have a C-tube repositioned to allow the completion of
the intrusion of the posterior teeth. Unlike the C-tube, the Bollard anchor is designed to accept
auxiliary attachments and so provides greater flexibility in the point and direction of force
application.
The overall success rate of 92.5% in this study of 97 consecutive patients (with 200 TSADs)
who were followed prospectively confirms the previous findings of Miyawaki et al,16 who
reported a 96.4% miniplate success rate in a retrospective study of only 17 miniplates. A
prospective study by Cheng et al,34 following 44 patients (48 miniplates, 92 miniscrews),
reported an 89% success rate for both types of TSADs, but the miniplates were used in the
more difficult situations.
It seems clear that both miniplates and miniscrews have the potential to augment or provide
absolute anchorage and allow orthopedic correction or orthodontic tooth movements not
traditionally thought possible with conventional anchorage methods. In addition, the unwanted
reciprocal forces that almost always occur with more traditional anchorage devices were not
observed. The problem of patient compliance is simplified to the ever-present one of oral
hygiene. For most clinicians participating in this study, these patients were their first
experiences with skeletal anchorage. Yet, there was a near-unanimous report that the devices
simplified all treatments, sometimes to a remarkable extent. It may be that the use of TSADs
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really will expand the envelope of discrepancy in which orthodontic treatment can be
successful.
It is clear that placement of a miniplate is a more complex procedure than that of a miniscrew.
However, is this greater complexity warranted? It would seem that the greater flexibility
provided by the current design of miniplates is an advantage in certain circumstances. For
example, during en-masse movement of an entire arch by more than 2 mm, placing TSADs
above the root apices would be preferable.36,37 Miniplate systems that accept archwires also
allow changes in the point of force application or force vectors without the need to reposition
the TSAD. As currently designed, miniplates seem to be associated with a lower failure rate
than miniscrews.16 The possibility raised by Liou et al18—that miniscrews do not remain
stationary under orthodontic forces—suggests that a safety zone for root or nerve proximity
might be required. This could further restrict possible placement sites or limit the amount of
tooth movement. For patients who are undergoing extensive orthopedic corrections or other
treatments (maxillary protraction or intrusion) when the TSADs are expected to be in place for
a long time, the force vectors need to be varied, or the roots need to slide past the anchors, then
miniplates might be preferred. However, the relative effectiveness, efficiency, and
acceptability to patients of different temporary anchorage devices used for various clinical
problems need to be evaluated systematically.
CONCLUSIONS
This study was designed to explore patient and provider perceptions of the use of modified
miniplates as TSADs. We concluded that miniplates are well accepted by patients and
providers, and offer safe and effective anchorage possibilities with a high success rate (92.5%),
with few side effects or problems during treatment. Even novice users found miniplates to both
simplify orthodontic treatment and enhance the possibility of treatments that might have been
considered unfeasible without skeletal anchorage. Although the surgery to place miniplates is
more invasive than for miniscrews, the patients experienced few undesirable sequelae, were
enthusiastic about their use, and appeared to regard their placement as a relatively trivial dental
event. Details of the surgical placement and removal will be covered in a future study.
We thank Debbie Price for data management from both sites.
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Miniplates: A, maxillary and B, mandibular (Bollard; Surgitec, Bruges, Belgium); C, C-Tube
(KLS Martin, Umkirch, Germany).
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Number of patients at the 2 centers receiving TSADs for various clinical conditions.
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A, Distalization of premolars and molars with open-coil spring placed between the anchor and
the sliding tube; B, maxillary protraction with Class III elastics placed between maxillary
posterior and mandibular anterior miniplates.
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Mean, median, and range of patients’ perceived pain after TSAD placement and during
orthodontic treatment and the degree of swelling reported one month after placement.
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Percentage of patients indicating TSAD better than other previously experienced dental
procedures.
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Percentage of patients reporting side effects at various times.
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A, Mean, median, and range of orthodontists’ perceived difficulty of treatment with and without
TSADs and the difficulty they experienced using TSADs; B, mean, median, and range of
orthodontists’ reports of satisfaction with TSAD and side effects observed in patients.
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Table I
Demographics of patients receiving TSADs at 2 centers
UNC UCL
Patients (n) 30 67
Mean age (range) (y) 24.0 (12.2–48.1) 23.5 (9.8–46.9)
Females 73.3% 73.1%
Growing patients (females, ≤15; males, ≤19) 8 (27%) 24 (36%)
Patients with 1 implant 3 (10%) 17 (25%)
Patients with 2 implants 26 (87%) 38 (57%)
Patients with 3 implants 0 1 (2%)
Patients with 4 implants 1 (3%) 11 (16%)
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Table II




Maxilla posterior 49 104
Mandible anterior 6 32
Mandible posterior 4 5
Time to loading (d) 23.0 ± 19.6 34.7 ± 26.1
Total number of failures 4 11
   Due to mobility 2 5
   Due to soft-tissue ulceration 0 4
   Due to anchor breakage 1 2
   Due to poor location 1 0
   In growing patients (females, ≤15; males, ≤19) 3 8
   In adults 1 3
   Maxilla 4 5
   Mandible 0 6
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